The concept of infection control and prevention in veterinary medicine outside the surgical suite or epidemic disease control/eradication in livestock populations was more or less unheard of until the last 1 or 2 decades. During that time, there has been a paradigm shift, such that veterinary infection control is a growing discipline that is becoming part of the customary way in which veterinarians practice medicine. This shift is seen primarily in large academic teaching hospitals associated with specific veterinary schools and in specialty clinics dedicated to advanced diagnostics and care for animals. However, the nature of medicine and mission of veterinary hospitals
As in human medicine, hospital-associated infections (HAIs) exist in veterinary medicine and must be subject to control measures. Environmental contamination with pathogens of concern is widespread in veterinary hospitals and should be an important target of proactive measures to prevent (limit) HAI. For environmental cleaning and disinfection (C/D) to be effective, all stakeholders should be educated as to the need for appropriate C/D and the participation of all (at any level) should be encouraged to accomplish this goal. Veterinary practices should seriously consider identifying personnel responsible for establishing infection control practices, establishing monitoring/audit procedures, and determining whether their practice situation warrants proactive environmental surveillance. More research is required to identify the precise relationship between environmental contamination and HAI and to establish control and surveillance/monitoring procedures of direct relevance to veterinary medicine. colonized/infected with a hospital pathogen has an increased likelihood of being colonized/infected themselves, and improvements in terminal cleaning and disinfection (C/D) lead to decreased rates of infection. [7] [8] [9] The organisms for which data implicating a role for environmental contamination are strongest include norovirus, Clostridium difficile, VRE, Acinetobacter spp, MRSA, and Pseudomonas aeruginosa. 7, 9 It should be obvious that the list of organisms with the strongest links to environmental contamination is essentially the same as that for pathogens most closely related to HAI.
HEALTH CARE-ASSOCIATED INFECTIONS IN VETERINARY MEDICINE
In veterinary medicine, specific numbers and incidence of HAI are not so well documented, but 2 recently published studies 10, 11 sought to estimate the occurrence of HAI using a standardized syndromic surveillance system in 2 clinical settings over a 12-week period at 5 veterinary teaching hospitals (VTHs); first, in hospitalized horses admitted for gastrointestinal disorders and second, in small animals in the critical care unit. Although there was variability between hospitals, when these differences were controlled for, of the 297 horses in the study population, 19 .7% (95% confidence interval [CI], 14.5-26.7) were reported to have had at least 1 nosocomial event during hospitalization. Equivalent proportions for 1535 dogs were 16 .3% (95% CI, 14.3-18.5), and of 416 cats, 12% (95% CI, 9.3-15.5) had at least 1 nosocomial event.
In both horses and small animals, the most commonly reported syndrome was surgical site inflammation, with intravenous catheter site inflammation and urinary tract inflammation being the second most common in horses and small animals, respectively. In addition, in a published survey of biosecurity experts at 38 VTHs, 12 31 (82%) hospitals reported the occurrence of a nosocomial disease outbreak in the 5 years before the survey interview. Although most of these outbreaks were associated with large animal facilities, there are also published reports of HAIs and outbreaks in small animal clinics. [13] [14] [15] [16] [17] [18] There is more than enough evidence to indicate that, as in human medicine, HAIs in veterinary hospitals are a part of the world in which we live. Although certain issues, the principal pathogens, and thus the control measures may differ, it is nonsensical to imagine that reality for veterinary medicine is any different from human medicine, in that HAIs exist and must be subject to control measures.
ENVIRONMENTAL CONTAMINATION IN VETERINARY HOSPITALS
Many of the pathogens associated with HAI in humans are found in VTHs and can cause infections in animals. However, just as data on veterinary HAI are not readily available, the relationship of environmental contamination with most of these pathogens to HAI is not well defined. Nevertheless, as with human medicine, the link between HAIs and the environment of veterinary clinics is becoming more clear. There are numerous descriptions of environmental contamination associated with HAI in large animal hospitals, [19] [20] [21] [22] [23] and at the University of Pennsylvania's George D. Widener Hospital for Large Animals, where we conduct routine environmental surveillance for Salmonella, we have many examples directly correlating infection in animals (both community associated and HAI) with environmental contamination (Dr H. Aceto, unpublished observations, 2004). In addition, recently documented MRSA events in veterinary settings showed that environmental contamination ranged from 1% to 12%, [24] [25] [26] [27] and there are reports of contamination of the environment and equipment in small animal hospitals with enterococci many of which were multidrug resistant (MDR). 28, 29 One of these studies 28 investigated the hypothesis that cage doors, stethoscopes, thermometers, and mouth gags used in participating hospitals would have bacterial contamination that could contribute to HAI. This investigation was Environmental Cleaning and Disinfection accomplished by determining the prevalence of surface contamination with enterococci at 10 different veterinary hospitals. Because the locations within the hospitals that were sampled had direct patient contact, it is perhaps not surprising that they all yielded enterococci at 1 or more hospitals. To compare cleaning protocols with bacterial contamination, a veterinarian at each hospital was asked to complete a questionnaire. Results showed that only half of the hospitals had written standard operating procedures for hospital cleaning, and the wide variety of disinfectants used precluded examination of any relationship between cleaning and contamination. Moreover, 5 of 10 veterinarians surveyed reported almost never or never cleaning their stethoscopes, and there were also deficiencies in the cleaning of cage doors, thermometers, and mouth gags at some hospitals.
Despite the relative paucity of data, it should be apparent that veterinary hospitals are inherently contaminated and that any number of bacterial, viral, or fungal organisms may be harbored in the hospital environs. The nature of animals and the challenges they pose in terms of hygiene and containment almost guarantee contamination of a space. The range of species that may require hospitalization is large and varied, and each species may have distinct flora and different susceptibility risks.
As our understanding of HAI in veterinary medicine increases, medical staff and administrators alike are coming to realize the acute threat that HAIs pose to hospitalized veterinary patients and are looking toward proactive preventive measures rather than reactive damage control. The additional financial burden (eg, increased length of hospital stay, increased treatment costs, possible indemnification and legal costs, loss of future business) that HAI in general and outbreaks in particular can impose on a hospital is undoubtedly another motivating factor. 19, 23, 30 The fact that many of the pathogens of importance to the health of hospitalized animals are also zoonotic is an equally important consideration, and all infection control programs should include measures to protect human health. 31 In common with human medicine, it is becoming clear that the hospital environment is an important target of these proactive measures.
IMPORTANCE OF FACILITY DESIGN
The physical environment can affect many facets of veterinary care, including patient comfort, patient stress, patient and staff safety, staff effectiveness, quality of care, and patient susceptibility to disease. Effective C/D are critical in preventing transmission of infectious agents between patients or from contaminated environments. To aid in this process, it is desirable that surfaces in animal housing and clinical spaces are cleanable and nonporous. This strategy can be as simple as ensuring that wood surfaces are properly sealed and painted or more complex by eliminating furniture and finishes that are not easily disinfected or, in the worst case, those that are essentially not cleanable by standard C/D methods. Furniture and finishes may include carpeting, upholstery, and unfinished or damaged wood surfaces. In a veterinary hospital, in which fecal material and respiratory or other secretions are abundant, frequently defy containment, are more likely to harbor pathogens, and may represent an HAI risk, cleanliness of treatment/procedures spaces, animal housing, and operating rooms is crucial. This necessity is particularly true in critical care and isolation units, where exacting evaluation of all surfaces, construction materials, and equipment is essential to maximize cleanability, environmental safety, and efficient operation of the area. Such considerations should influence the choice of materials and finishes for all kinds of surfaces (eg, floors, walls, benches and work surfaces, doors and frames); solid, nonporous surface materials that are highly durable and with as few Traverse & Aceto seams as possible are best. For example, in personnel areas, such as nursing stations, seamless, highly cleanable and exceptionally durable poured epoxy floors, although more expensive, are preferable to materials such as vinyl tile. Wherever seams are present, regular maintenance to ensure their integrity or that of other interfaces between surfaces is essential. Block walls should be sealed, with urethane-based paints, for example. Although metal doors and frames are nonporous and may be the ideal, some composites are also suitable. Any wood surfaces must be properly sealed and painted. For all materials, regular inspection and maintenance are a must. To facilitate cleaning, there should be adequate provision of drains. Drains should be connected to the sanitary system, and, to limit future disruption for the conduct of work to replace corroded drains, use of stainless steel drain hubs should be considered to prolong the life of the drain in the face of water, cleaners, disinfectants, and animal urine. The choice of heating and ventilation systems and the location of heaters and air vents are all critical components in facility design. Although this factor may be most obvious for the control of pathogens classically considered to be transmitted via the airborne route, it may be less obvious that organisms normally thought of as fecal-oral can be greatly impacted by heating, ventilation, and air conditioning (HVAC) systems. Impacts can be both in terms of contaminating the system and in terms of the system facilitating pathogen spread via, for example, forced hot air systems that circulate contaminated particulates widely throughout a given space. It is imperative that engineers with knowledge about airborne transmission be involved in the design of HVAC systems for veterinary facilities, particularly isolation units.
Frequently unconsidered surfaces, such as in the vicinity of nursing stations, doorknobs and hardware, light switches, telephones, computers and their keyboards, are also becoming recognized hot spots of contamination. 19, 22, 32, 33 When a hospital environment is not easy to both clean and disinfect, the potential for HAI increases, so critical evaluation of the hospital environment is essential.
Intentionally planning a space for improved safety and hygiene is an important concept in human medicine and an easy, although not necessarily inexpensive, idea to adapt to veterinary hospitals. Infection control and ease of disinfection should be essential considerations in newly designed veterinary facilities or those undergoing renovation. Hospital improvements must always consider the role that design plays in infection prevention. The architects and designers hired to plan a new health care facility or renovate current facilities are crucial in establishing design features that improve hospital safety and in identifying and using appropriate surfaces and substrates. 34 The Center for Health Design's internationally recognized Evidence-based Design Accreditation and Certification 35 program awards credentials to individuals who show a thorough understanding of how to apply an evidence-based process to the design and development of health care settings. Evidence-based design is the process of basing decisions about the built environment on credible research to achieve the best possible outcomes; to this end, it also includes measuring and reporting results.
GENERAL CONCEPTS IN ENVIRONMENTAL CLEANING AND DISINFECTION
The goal of environmental C/D is not to completely sterilize the environment but rather to significantly decrease the pathogen load to a point at which disease transmission does not occur. Definitions of C/D terminology are given in Box 1. At a minimum, C/D protocols should include the following steps:
1. Detergent to remove organic debris (critical to the efficacy of most disinfectants) 2. Rinsing Veterinarians and staff should pay strict attention to the role that appropriate environmental C/D plays in the reduction and elimination of veterinary HAI. [36] [37] [38] C/D processes are of utmost importance in ensuring patient, client, and staff safety and an uneventful hospital stay in terms of HAI. The steps in a typical practical C/D procedure of broad environmental application are shown in more detail in Box 2, with an emphasis on critical concepts such as dilution rates and contact times for disinfectants. The steps provided are suitable for high-level C/D but are readily adaptable to more low-level C/D needs. Some, but not all, disinfectants have good cleaning in addition to disinfecting properties, so the basic number of steps can be reduced in noncritical areas (to determine whether a particular disinfectant product has adequate cleaning properties inspect the manufacturer's label). However, where areas are grossly dirty, a separate detergent step is always required. In addition, some disinfectants require rinsing, because of the potential for toxicity or surface damage, but others may have residual activity, which might be negated by rinsing. The need for rinsing and claims for residual activity are also stated on the product label. Drying after C/D is always beneficial to pathogen control. Characteristics of each disinfectant product, including their compatibility with detergents and other chemicals, can be determined by careful inspection of the label, so it is important that individuals responsible for both choosing and using these products understand how to read the manufacturer's label. 36 More information on characteristics of disinfectants is covered in the section on choosing a disinfectant.
Box 1 Basic definitions
Cleaning: removal of foreign material (eg, contaminants, including dust, soil, chemical residues, pyrogens, large numbers of microorganisms) and the organic matter protecting them. Normally accomplished using water with detergents or enzymatic products. Thorough cleaning is required before high-level disinfection and sterilization, because inorganic and organic materials remaining on surfaces interfere with the effectiveness of these processes Disinfection: the process that destroys most pathogenic microorganisms, especially the vegetative forms, but not necessarily bacterial spores, usually accomplished by use of liquid chemicals Antisepsis: a special category of disinfection, referring to the inhibition or destruction of pathogenic microbes on the skin and mucous membranes Biocides: distinct from disinfectants in that they are intended to destroy all forms of life, not just microorganisms Sanitation: reduction of the number of bacterial contaminants to a safe level. Sanitizers are not concentrated enough or in contact with organisms long enough to effect disinfection Terminal cleaning: the process carried out after a patient under isolation has been discharged, end of the day cleaning in areas such as operating rooms, or end of procedure cleaning in areas in which a patient known to be infected with a contagious disease has been handled Sterilization: the process used to render an object free of all microorganisms, excluding prions Data from Refs. 36, 37, [48] [49] [50] [51] Traverse & Aceto Several studies in human medicine have shown that less than 50% of hospital rooms are adequately cleaned and disinfected. 39, 40 Less obvious environmental sites can be frequently overlooked. "Housekeeping, nurses, and aides will universally clean obviously soiled surfaces; many germ-infected sites go unnoticed." 41 Several methods are being used to improve C/D, including staff education, use of checklists, and hygiene assessment tools. Although there are few examples, hygiene assessments using luminometer readings 33 and fluorescent tagging 42 have been described Have all material safety data sheet or product safety data sheets for C/D materials available and follow instructions for proper mixing, disposal, and personal protective equipment (eg, gloves, eye protection).
In the case of animal cages, remove all bedding (if intended for reuse, place in receptacle and send for laundering) and any organic material before cleaning. In other areas, remove any loose organic material (eg, feces, feed, hair, linens, bandage or other materials) before cleaning.
Clean surfaces with an anionic detergent. Scrubbing of surfaces is often necessary to remove biofilms and stubborn organic debris, especially in animal housing areas.
Rinse with clean water. For all rinsing and product application procedures, care must be exercised to avoid overspray. Unless equipment is moved to a dedicated cleaning area, highpressure washing should generally be avoided. Higher pressures can help remove stubborn organic debris, but may also force debris and organisms into crevices or porous materials, from which they can later emerge, and they cause more aerosolization and overspray, which may spread organisms widely, even into previously uncontaminated areas. For methods not involving hoses see Box 3.
Allow to dry or at least ensure that the bulk of surface water is removed. If excess water remains, subsequently applied disinfectants may be diluted to the point of inefficacy Rinse thoroughly with clean water (although some disinfectants indicate that rinsing is unnecessary, it can prevent residue build-up over time).
Allow the treated area to dry as much as possible. Drying is important to achieve maximum effect; allow area to dry as much as possible (completely is preferred), before reintroducing animals or reusing the area. If postcleaning environmental samples are being collected, the area must be completely dry.
In known contaminated or high-risk areas, a second application of disinfectant with, for example, an accelerated hydrogen peroxide product should be considered as a final decontamination step. Ensure appropriate contact time, rinse with clean water, and allow the treated area to dry as much as possible, as stated above.
in veterinary medicine. The Association for Professionals in Infection Control and Epidemiology and the Association for the Healthcare Environment are 2 humanbased professional infection control societies that are using all of these approaches and are striving to improve the cooperation between medical staff and environmental services (housekeeping), with the singular goal of improved patient outcomes. Their educational campaign Clean Spaces, Healthy Patients incorporates educational resources and training materials. The initiative represents both an evolution and a revolution in infection prevention. Although for many years, the field focused on clean hands, there is now growing recognition that preventing HAIs is about clean hands touching clean equipment in clean environments. It also serves to bridge the gap and remove barriers to success between medical staff and environmental services. 43 Although not all private veterinary practices have dedicated housekeeping personnel and C/D tasks are likely to be carried out by staff members who also have other duties, this training initiative in human medicine and the simple tools that it uses are equally applicable to veterinary medicine.
Depending on size, caseload, and case type, veterinary hospitals should consider appointing a willing individual or a group that represents all relevant constituencies to oversee infection control issues. A preliminary step in establishing an infection control program should be an evaluation of the level of HAI risk and how risk averse you want to be in your practice. The risk evaluation process helps guide the nature and stringency of the infection control procedures to be adopted. Because infection control measures are generally associated with some cost, consideration should also be given to how the risk/benefit ratio of these procedures is assessed (the latter might require evaluation over time). Disinfection protocols, for example, should be frequently reviewed and if necessary altered based on evidence gathered through patient and, potentially, environmental surveillance. In addition, there is ample evidence that, in addition to antimicrobial resistance, microorganisms can be resistant to disinfectants, antiseptics, and sterilants, either constitutively, through acquired means, or by formation of biofilms. 44 Keeping abreast of developments in antimicrobial resistance helps in determining the need for change.
When designing a C/D protocol, consideration should also be given to the effect of disinfectants (some of which are powerful oxidizers) on equipment, personnel, and materials in the environment. A particular disinfectant may be more costly at the outset but overall might be a prudent choice, because of minimal destruction of equipment or damage inflicted to surfaces over time. If prolonged use of a disinfectant is found to damage surfaces, an alternative should be sought, because loss of surface integrity defeats the object of maintaining sealed, cleanable surfaces in critical areas. The use of prepackaged wipes containing disinfectants such as accelerated hydrogen peroxide or quaternary ammonium compounds is a convenient means of disinfecting hand surfaces and certain types of delicate equipment. Clippers, clipper blades, bandage or suture scissors, thermometers, mouth gags, laryngoscopes, endoscopes, and all other equipment used on patients should be subject to appropriate C/D. There are differences between cleaning, disinfection, antisepsis, and terminal cleaning, as defined in Box 1. Many valuable resources cover all aspects of cleaning protocols, and the properties and use of disinfectants in significant detail. [32] [33] [34] [35] [36] [37] [38] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] 
AREAS TO ADDRESS
When establishing cleaning protocols, it is important to appreciate that appropriate veterinary hospital C/D is not random. There are certain factors, such as risk, traffic
Traverse & Aceto flow, and the critical nature of a given space or item, that must be considered and other decisions that must be made; every aspect of the process, from what type of products and materials should be used, to the order of events, and frequency of cleaning, needs to be scrutinized and researched. In addition to the typical C/D protocol outlined in Box 2, steps in the 3 basic methods for performing environmental C/D are shown in Box 3.
Box 3 Outline of basic cleaning methods

Dry method
Use of dust-retaining materials (ie, microfiber cloths; microfiber cloths and mops have shown superior microbe removal to other materials like cotton, particularly when used with a detergent cleaner) rather than traditional brooms or rags, to minimize the dispersion of contaminated dust in the environment 
Environmental Cleaning and Disinfection
As part of the process of developing the most efficient cleaning protocols that are likely to be most effective in mitigating HAI, it is useful to consider the hospital environment divided into 2 principal groups:
1. Surfaces that come into frequent contact with hands 2. Surfaces that have minimal contact with hands As a rule, hand-touch surfaces are of a larger concern than surfaces having minimal contact. 43, 50 At the University of Pennsylvania's large animal hospital, Salmonella has been used as an environmental biosensor for more than 10 years. When hand and floor surface samples are compared, of samples identified as positive for Salmonella over that period, approximately 60% were collected from hand areas (eg, stall door bolts, light switches, telephones, door knobs, drawer pulls, bench tops in records and preparation areas, refrigerator door handles, computer keyboards).
Picking and choosing which hospital surfaces and areas are of most concern and in most need of high-level C/D must also take other factors into consideration. In particular, the frequency of C/D necessary for an area should take into account:
Type of hospital unit (eg, high-risk units such as critical care, neonatal, and isolation units and surgical suites require frequent high-level C/D) Potential for contamination with bodily fluids Potential for contamination with dust, soil, or water
The National Specifications of Cleanliness for the UK National Health Service (NHS) 54 suggest identifying hospital risk categories and the required level of service for each category, as outlined later. Veterinary hospitals should consider this approach and, as mentioned earlier, establish an infection control individual/group, which in the context of C/D ideally includes individuals responsible for C/D of the facilities, clinical representatives, and other relevant stakeholders. In addition to instituting C/D protocols, this group should be prepared to educate other staff to ensure buy-in at all levels and promote compliance. Although not widely adopted in veterinary medicine, auditing of C/D is a means of checking practice against a standard or desired outcome and it has been used to improve health service in human medicine. 54, 56 The infection control team should be encouraged to develop and conduct audits of C/D. The NHS materials include some sample cleaning standards and audit score sheets that are eminently adaptable to veterinary use. Cleaning standards for a few selected items are shown in Table 1 . Elements for consideration of cleaning standards can be divided into 3 overlapping major groups: environment, direct contact, and patient equipment. In terms of the environment, there are several subgroups: floors; fixed assets; electrical appliances; toilets, sinks, and other washing facilities; and furnishings and fixtures; examples of which are indicated in Table 1 . Issues to be considered when designing and implementing an audit process include frequency, personnel, methodology, sampling, scoring, and action. For human hospitals, personnel involvement and scoring systems can be complex. However, for most veterinary applications, audits could be conducted by an individual or, better yet, a small group, which comprises medical personnel and individuals responsible for C/D. Whoever conducts the audit should be able to competently judge what is acceptable in terms of cleanliness and infection prevention and control. Once the elements and standards criteria to be included in the audit have been identified, the scoring system could be as simple as acceptable (score 1) or unacceptable (score 0) for each element in a given space of a functional area (see later discussion), leading to an overall score for that area. Based on the number of elements scored, the area score can be converted into a percent Traverse & Aceto acceptable. As a guideline, the NHS system uses the following percentages as targets for the 4 functional risk areas described later: very high, 98%; high, 95%; significant, 85%; low, 75%; areas with scores lower than this are considered for predetermined remedial action. Ideally, regular audits should form part of the quality assurance program of your clinic. Issues raised should be followed up according to their magnitude and location. Lead times should be identified for remediation. For example, a problem in the surgical area needs to be resolved immediately, whereas one in a storeroom for noncritical items may require checking within some reasonable time, such as during the next scheduled audit. Although it is important that deficiencies be identified and corrected, efforts should be made to avoid the perception that audits will be punitive in nature. Functional areas for evaluation can be categorized as follows: successful, but they are not approved for use in veterinary hospitals. There are also newer technologies, such as no-touch methods of surface disinfection. 7, 48, 49 These methods include ultraviolet (UV) light and hydrogen peroxide dry-mist or vapor (HPV) fogging procedures. 49 Both can be used for whole room decontamination and are more suited to occasional use either in response to a specific problem or as part of a program of thorough disinfection of specific spaces scheduled to occur at predetermined intervals. HPV is capable of killing a wide range of pathogens, including Cryptosporidium and w6 logs spores, whereas UV is reliably biocidal at 3 to 4 logs against vegetative bacteria. No animals or people can be present during the decontamination process. The use parameters for both are sensitive and require specialized equipment, representing a considerable capital investment, but unlike HPV, UV systems need no additional consumable products. Room decontamination is rapid with UV (w15 minutes) compared with 3 to 5 hours for HPV. In addition, for HPV, the HVAC system must be disabled and the rooms sealed to prevent unwanted dilution of the vapor, which requires considerable staff time. HPV is uniformly distributed throughout the room via an automated dispersal system and is particularly useful for disinfecting temperature-sensitive or complex equipment and furniture. It has been speculated that over time HPV might cause damage to sensitive electronics as a result of microcondensation, but this should not be an issue with the dry-mist form. HPV leaves no toxic residues (aeration units convert HPV into oxygen and water), and it requires no rinsing. Similarly, UV systems generate no residues and are not associated with health and safety concerns, but the environmental penetration of these systems is probably less than HPV. Neither procedure removes dust or stains, so the area must be clean before decontamination. Although these systems have been used widely in human medicine, there are no data to show whether or not the incidence of HAI decreases. 49 Other no-touch methods increasingly being used include self-disinfecting surfaces impregnated with heavy metals (eg, copper and silver) or germicides (eg, the bisphenolic compound triclosan). At our large animal hospital, we have successfully used silver-impregnated sticky mats (Dycem, Warwick, RI) in place of footbaths in main entry areas to our high-risk isolation and colic facilities as well as the entry way to the necropsy facility. Although we have not encountered specific problems with these mats, which are sampled weekly for the presence of Salmonella, it is well known that bacteria (particularly gram-negative organisms, including Escherichia coli) can be resistant to heavy metals by both intrinsic and, in some cases, acquired mechanisms. Five mechanisms of intrinsic resistance have been described that allow bacteria to survive in the presence of inhibitory or microbicidal concentrations of toxic metals 44 Bacterial resistance to biocides such as triclosan can be intrinsic or acquired by mutation or plasmid or transposon acquisition and can be via several mechanisms: exclusion; efflux mechanisms; mutation to decrease target sensitivity; or target overproduction. 44 The likelihood of resistance development should always be considered when choosing products, particularly because some items, such as the mats mentioned earlier, are expensive. Antimicrobial surface coatings based on nanoparticles are under development for both biomedical devices and environmental surfaces 57, 58 and may have the advantage over microbicidal coatings based on metals or agents, such as triclosan, because they have prolonged activity, and some seem unlikely to be associated with the development of microbial resistance. 57 Steam disinfection systems offer an alternative to liquid chemical disinfectants and can kill a diverse group of pathogenic organisms in seconds, but they are not suitable for all surfaces and introduce additional safety considerations. Characteristics of the ideal disinfectant are shown in Box 4. The possibility of achieving all of these qualities for all scenarios is unrealistic. Therefore, individuals responsible for developing C/D protocols must learn to discretionarily pick and choose disinfectants based on the properties of the disinfectant, the perceived challenges of the task, and desired results of the disinfection procedure. For example, the disinfectant that might be chosen for a footbath or foot mat is likely different from the agent picked for general purpose C/D, because the footbath must be quick kill and preferably stable in the face of organic debris. Quick kill and lack of surface damage tend to be mutually exclusive characteristics. Even in the case of routine surface disinfection, procedures should not make for slippery floor surfaces, cause films to build up over time, or damage surfaces (film build-up and surface damage preclude effective cleaning). Although footbaths are not used as commonly in small animal compared with large animal clinics, they may be effective in preventing the transmission of infectious agents. [59] [60] [61] [62] [63] While opinions about the degree of efficacy vary, in the absence of other control methods, their use should certainly be considered in isolation areas, particularly if it is short-term, without attendant management problems.
There are numerous excellent resources 36,37,45-51 that provide more information on chemical disinfectants, their classes, characteristics, and modes of activity. 46, 47 is a valuable and trusted resource in the veterinary community; it gives the spectrum of activity of the major disinfectant groups against various microorganisms and the characteristics of selected disinfectants in accessible readily understood tables. 47 The susceptibility of various microorganisms and the level of disinfection required to kill them are summarized in Table 2 , and the characteristics of the most common disinfectants are shown in Table 3 . As mentioned earlier, for each chemical disinfectant, the manufacturer's label 36, 37 provides important information, including about 
Abbreviations: AHP, accelerated hydrogen peroxide; F, formaldehyde; G, glutaraldehyde; HP, hydrogen peroxide; OPA, orthophthalaldehyde; PAA, peroxyacetic acid; PMS, peroxymonosulfate. Data from Refs. 18, 36, 37, [45] [46] [47] [48] [49] [50] [51] [52] [53] microorganisms against which it has been shown to be effective, appropriate contact time, correct dilutions for the desired outcome (may be higher for bactericidal activity and lower for bacteriostatic claims, and different for parvicidal activity vs routine use), as well as other factors that may alter effectiveness of the agent. These other factors can include the length of time that a product remains effective when diluted; shelf-life of the concentrate; temperature range in which it is maximally effective; water hardness (because dilution rates of some disinfectants [eg, quaternary ammonium compounds] may vary depending on hardness of the water); interaction with detergents (which can alter the pH of a disinfectant and reduce its effectiveness); features of the surface to be disinfected (as previously mentioned, integrity of the surface, or lack thereof, can greatly affect disinfectant effectiveness); and organic load (Box 5).
LAUNDRY
Soiled hospital laundry and animal bedding may be considered a potential source of infection to both staff and patients and may cause cross-contamination of the environment. All reusable linens and bedding that have been contaminated with blood, urine, feces, or any other bodily fluids or exudates must be subjected to a decontamination process. 64, 65 The following list of suggestions regarding laundry applies to all situations:
1. All workers involved in the collection, transport, sorting, or washing of soiled bedding must: Be appropriately trained Wear required personal protective equipment (PPE), including gloves of a sufficient thickness to minimize sharps injuries, face mask and eye protection
Box 5 Additional considerations in choosing cleaners and disinfectants
A surface cannot be properly disinfected if it is not clean. A plain, anionic detergent should be chosen as a basic cleaner for animal housing and handling areas, including surgical suites.
Cost is important but should not be the only consideration; efficacy, ease of use, and potential deleterious effects must be part of the equation.
Make sure that the properties of all of the cleaners and disinfectants that you chose are compatible (eg, avoid combinations that lead to generation of chlorine gas).
Potential negative effects of disinfectants on equipment, personnel, and the environment. For example, prolonged use of some disinfectants, particularly powerful oxidizers such as the peroxygens, can damage surfaces (notably metals other than stainless steel, concrete, and tile). Loss of surface integrity defeats the object of maintaining sealed cleanable surfaces and makes cleaning more difficult.
Some disinfectants cause a surface film build-up over time, particularly around footbaths/mats but even with general use. Films can be slippery, can impede proper cleaning, and may promote biofilm formation. Although not widely used in small animal practice, footbaths/mats may be necessary in isolation units. Careful siting of footbaths/mats or changing disinfectant may avoid potential problems.
Prepackaged disinfectant wipes can be useful in C/D of delicate equipment and hard surfaces in sensitive areas. In general, accelerated hydrogen peroxide-based wipes are preferred over those containing quaternary ammonium compounds.
Data from Refs. 37, [45] [46] [47] [48] [49] [50] Environmental Cleaning and Disinfection when appropriate (eg, when there is a zoonotic risk in the handling of urinesoaked bedding from known or suspected cases of canine leptospirosis) Cover any exposed broken skin or lesions Have access to hand washing facilities 2. Every effort should be made to eliminate the inadvertent disposal of harmful objects, such as sharps or instruments 3. Animal bedding must be carefully shaken free of all loose debris and fecal matter before processing; such matter should be disposed of appropriately 4. All soiled laundry must be held and transported in bins or bags impervious to liquids 5. Clean and dirty laundry must have separate transport receptacles and storage facilities
In addition, it is worthwhile to sort and label used laundry into categories for processing. This practice is adopted to protect both workers, patients, and the environment from potentially infectious agents.
1. General: bedding from patients not considered infectious or contagious 2. Infectious: bedding contaminated with microorganisms that pose a hazard to workers who may have contact with it, the environment, or other animals; laundry associated with infected animals should be bagged and sealed before being removed to the laundry area 3. Heat labile: bedding likely to be damaged by the normal laundering process
The average laundry process in a hospital setting is adequate to render bedding hygienically clean 66 This level of cleaning is achieved through a combination of dilution with water, loosening with detergent, agitation, and heat (both in the washing and, just as importantly, drying processes). In regard to appropriate temperatures for the laundry cycle, it is suggested [64] [65] [66] that the process should Maintain 65 C for no less than 10 minutes or Maintain 71 C for no less than 3 minutes or Contain the addition of chemicals (ie, bleach) for heat-labile materials or lower temperatures 1
WASTE MANAGEMENT
The handling of the waste generated by the veterinary industry is both complex and regulated. Waste is everything that no longer serves a purpose and needs a form of disposal. In professional settings such as veterinary clinics, there are specific guidelines in place regarding waste disposal. Most waste in the world is considered solid waste, regardless if it is in solid form. In a veterinary clinic, this waste may include but is not limited to animal tissues, bodily fluids and waste, carcasses, cleaning and laboratory chemicals, general medical waste, radiographic by-products, medications, chemotherapeutic agents, batteries, and solvents. The American Veterinary Medical Association (AVMA) has excellent resources available to guide the appropriate disposal of solid wastes generated by the veterinary industry and has developed categories for them ( Fig. 1) . 67 Complete definitions of each of the categories are available at the AVMA Web site. Other jurisdictions may, of course, categorize wastes and the means of handling them differently, so veterinary hospitals should always check the regulations in their local jurisdiction.
More complete information on appropriate waste management is available at the AVMA Web site. 67 Bearing in mind the breadth of differences in both type of waste and regulatory body responsible for the different types ( Table 4) , it is important that there is a methodology associated with how a veterinary facility disposes of its waste. Decisions about waste disposal must include and may not be limited to:
Awareness of the options available for waste disposal in the physical area Knowing which authorities have oversight so questions may be directed appropriately Following specific material safety data sheet (MSDS) or product safety data sheet (PSDS) instructions for disposal Specific practice policy and procedures regarding waste disposal The need for training of individuals to ensure both safe handling and organizational compliance
Although VTHs in academic institutions generally have their own offices of environmental health and safety, which can answer questions and assist in ensuring compliance with federal, state, local, and institutional policies, veterinary facilities without such resources should always keep in mind that overall, when in doubt, the default agency for questions and concerns regarding waste management is the Environmental Protection Agency (or country-specific equivalent) and direct enquires to their state office or the federal agency.
For the average veterinary clinic, a few specific guidelines for waste disposal and adequate staff training should be sufficient for compliance. The first step is categorizing waste. Traditional waste categories may include clinical, sharps, laboratory, pharmaceutical, infectious, and hazardous. What defines a category is both how the waste is handled at its point of collection and how it must be disposed of. 53, 66, 68 Responsible medical waste producers should consider it their obligation to:
Describe the waste categories Provide for safe collection and handling of waste by workers Provide employee training to ensure safety Establish a contract with a reputable waste disposal contractor Investigate the waste disposal contractor for compliance Pack the waste in accordance with regulations Store waste properly on site before disposal The adoption of a color-coded waste disposal system is another useful tool that could be implemented in the veterinary industry. Potential suggestions for waste color codes could be:
Red: biohazardous/infectious Yellow: for incineration Orange: biological/carcass/body parts Purple: for incineration at a facility regulated to handle cytotoxic or chemotherapeutic agents Green: recyclable Black: general disposal/landfill
ENVIRONMENTAL SURVEILLANCE
Hospital surveillance exists in many forms, each with a precise goal. 68 Some methods are culture based, meaning that a sample is taken and processed for results. Other methods are non-culture based, meaning that the activity relies on the observation of situations and their various outcomes. Either way, surveillance, when conducted properly, can be a useful and meaningful aspect of a complete hospital infection control program. [10] [11] [12] 19, 22, 23 However, random surveillance of a hospital environment is not recommended. This advice is because random surveillance activities, either culture based or non-culture based, produce results, but they are results with no viable context. 12 Therefore, when considering surveillance, always proceed methodically, with the intention of carrying out an Traverse & Aceto associated and appropriate action. See the article elsewhere in this issue entitled "Veterinary hospital surveillance systems" by Burgess and Colleagues for more information.
Veterinary hospitals are inherently contaminated; any number of microorganisms might be harbored in its environs. Monitoring and surveillance are essentially the sensory mechanisms to any infection control program. Microbiological surveillance of the hospital environment can be a critical component of a successful infection control program. [13] [14] [15] [16] 19, 22 Data to support this contention include findings indicating that many organisms of concern can survive for prolonged periods on surfaces and equipment. 69 For example, Acinetobacter persists for 3 days to 5 months, Bordetella 3 to 5 days, Campylobacter jejuni up to 6 days, Chlamydophila psittaci 15 days, Clostridium difficile spores for 5 months, Enterococcus (including VRE) 5 days to 4 months, E coli as little as 1.5 hours to 16 months, Klebsiella 2 hours to 301 months, canine parvovirus greater than 1 year, influenza viruses 1 to 2 days, norovirus up to 28 days, Pseudomonas aeruginosa 6 hours to 16 months, Staphylococcus aureus (including MRSA) 7 days to 7 months, and Salmonella enterica 1 day to years! 69 Clearly, then, surveillance of the environment for pathogens associated with HAI is feasible and could be considered as part of an infection control program.
As mentioned earlier, environmental surveillance does not always imply microbiological evaluation, but it should certainly encompass monitoring/auditing to ensure proper hygiene and control of clutter that might impede effective cleaning. If undertaken, environmental sampling can be useful in determining which patient populations, traffic patterns, and protocols present a risk for hospital contamination, and in assessing how well containment efforts are performing. 12, 19, 22, 33 Thus, if active environmental surveillance is undertaken, high traffic areas, critical spaces or equipment, treatment areas, and areas that house high-risk patients should be evaluated as the focus of that surveillance. Even in the absence of active surveillance of the environment, monitoring of the clinical status of patients can be a helpful indicator of when both patients and the environment require closer scrutiny. 12 It should be the responsibility of designated infection control personnel to adjust the intensity or focus of surveillance (active or passive), based on developments in the hospital, the picture of disease prevalence in the referral area, literature, and so forth. In concert with these considerations, individual hospitals need to determine characteristics of their case population (size and type, critical care vs elective, both of which have been associated with increased risk), 12 level of risk aversion, cost-benefit analysis, and so forth, either before initiating a surveillance program or, just as importantly, evaluating an ongoing infection control program. In either case, an end-all determination makes little sense, and periodic review is warranted.
A major difficulty with environmental surveillance is one of context if it is not conducted in a repeatable, methodical manner. For instance, with culture-based surveillance, at any point in time when surfaces are sampled 19, 22 and cultured, bacteria may be found, but without a baseline point of reference, what does that positive finding mean? Establishment of a useful, active environmental sampling strategy might require collection of environmental and HAI baseline data, without which it is often not possible to assess the likelihood that particular infections are HAI, determine whether there has been an increase in such infections, or evaluate the efficacy of any interventions. However, in deciding whether or not to pursue a targeted surveillance program, even with good baseline data, it can be difficult to make such assessments on every occasion.
Environmental Cleaning and Disinfection
If the goal of hospital surveillance is to eliminate HAI, collecting data is futile if the process does not lead to an immediate action. Some of the potential actions associated with surveillance may be:
Establishment of baseline rates of infection or contamination
Provision of proof needed to convince practitioners to adopt best practices Identification and control of outbreaks Evaluation of the success of the infection control program Drive potential changes to current policy and procedure For the desired effect to be positively achieved, the collected information must be disseminated to individuals who can interpret and effect the desired change. In the case of HAIs and outbreak scenarios, surveillance can even be the foundation for a facility organizing and instituting or modifying an infection control program. If a facility is experiencing a suspected outbreak or is interested in introducing an infection control program, it is important for individuals to understand both the object of surveillance activities and various surveillances types (Box 6). However, in general, available reports suggest that most veterinary hospitals, including academic institutions, do not practice methodical collection and analysis of either patient or environmental data. 12 If a decision is taken to initiate active surveillance for a particular organism(s), it might be useful to consider factors that went into the choice of Salmonella as the general biosensor most commonly used in large animal hospitals. Salmonella is among the most important cause of HAIs in large animal hospitals, it is a significant zoonotic threat, and it has been associated with numerous outbreaks at VTHs. In addition, the following characteristics favor Salmonella as an effective biosensor:
Survives well in the environment Can spread readily on fomites Relatively difficult to kill Relatively easy to detect Good indicator of effectiveness of infection control programs Increase in environmental prevalence widely regarded as an early warning of problems All of the same considerations should be part of the decision in choosing an environmental biosensor(s) for a small animal veterinary hospital, but this is easier said than done. Although evidence-based choices for large animal hospitals are straightforward, the options for small animal clinics are less clear. In this context, although still useful in evaluating the effectiveness of C/D, the value of measuring organisms like generic E coli to assess HAI and overall effectiveness of infection control programs is increasingly questioned. Potential targets include MDR pathogens of concern, microorganisms causing the most significant problem in your facility, or evidence from multi-institutional surveys, but further research is necessary to provide veterinarians with better guidance. For these same reasons, some advocate using non-culture-based techniques, such as fluorescent tagging, because they are not tied to specific pathogens. 42 If specific pathogens are identified as targets, in addition to classic epidemiologic measures for the sensitivity, specificity, and predictive values of detection methods, another critical characteristic of testing that should be considered is speed to return of results. In terms of the environment, if it takes days to get results, there could be wide dissemination to patients and other parts of the hospital before corrective measures are initiated. These considerations explain the move away from traditional culture methods to more rapid techniques such as polymerase chain reaction, which often offer enhanced sensitivity and specificity, as well as greater speed.
Environmental surveillance can also be a useful tool for determining the effectiveness of C/D (Box 6). 28, 33, 42, 68, 70 In this case, the methods and goals differ slightly from those associated with investigating HAIs or a potential disease cluster or outbreak. Basically, methods that evaluate the presence or absence of generic bacteria preferably with quantitation could suffice for C/D evaluation, 33, 42 but the incorporation of specific indicator organisms increases the value of any such surveillance. 68, 70 There are almost no studies of this type in veterinary medicine, but those that are available clearly indicate that environmental contamination exists and that like human medicine, although the cleaning of some surfaces (eg, examination tables, countertops) may just about be adequate, others are seriously deficient (eg, computer keyboards and other hand contact equipment). 42 More research is needed to fully evaluate selected deficiencies, define such deficiencies in the context of C/D policies and practices, and further determine their relationship, if any, to HAIs.
SUMMARY
Hospitalized animals are not the same as the general animal population; they are more likely to shed or acquire an infectious agent for a variety of reasons, including stress; immunosuppression; altered nutrition or disturbances to normal microbiota; administration of antimicrobials; being subject to procedures that are known risk factors for infection of various types; concentration close to other animals with similar risk factors. The standard of care at every veterinary hospital should therefore include a high standard of hygiene, awareness of the dangers of transfer of infectious agents between both animals and people, and procedures to reduce infection risk wherever possible. It is becoming increasingly clear that the environment of health care facilities is subject to contamination with pathogens and plays a role in at least some HAIs. Consequently, environmental management, with or without active surveillance, should be a component of risk reduction designed to limit HAIs. Effective C/D procedures are critical in preventing transmission of infectious agents between patients or from contaminated environments. Development of well-understood protocols and schedules for C/D, waste disposal, and environmental maintenance to ensure that surfaces Environmental Cleaning and Disinfection remain sealed and cleanable is important. Education of veterinarians and all staff as to the need for thoroughness and vigilance when it comes to C/D is critical to successful mitigation of HAI risks.
